Objectives. The cause of orthostatic proteinuria is not clear but may often relate to obstruction of the left renal vein in the fork between the aorta and the superior mesenteric artery (= renal nutcracker). However, reports dealing with proteinuria only marginally refer to this possible cause of orthostatic proteinuria. We analysed the corresponding literature. Results. Five reports addressed the frequency of renal nutcracker in 229 subjects with orthostatic proteinuria. Their age ranged between 5.2 and 17 years (female-to-male ratio: 0.96:1.00). Imaging studies demonstrated renal nutcracker in 156 (68%) subjects. Renal nutcracker was also demonstrated in 9 anecdotal reports for a total of 53 subjects with postural proteinuria. Very recently, 13 Italian subjects with orthostatic proteinuria associated with renal nutcracker were reassessed 6 years after the initial diagnosis: in nine subjects, both orthostatic proteinuria and renal nutcracker had disappeared; in three, both orthostatic proteinuria and renal nutcracker had persisted; and in one, orthostatic proteinuria had persisted unassociated with renal nutcracker. Conclusions. These data provide substantial support for renal nutcracker as a common cause of orthostatic proteinuria.
Background
Increased amounts of protein in the urine, either coupled with haematuria or isolated, may be an indicator of renal disease [1] . Orthostatic proteinuria is a non-pathological form of isolated proteinuria (Table 1) , which is characterized by the presence of protein in urine samples collected in the upright position and its absence in samples collected in the supine position [1] . It affects 2-5% of children or young adults with asymptomatic proteinuria, but a recent report suggested a very high incidence of ≥15% in children between 6 and 18 years of age [2] .
Three mechanisms have been traditionally implicated in isolated orthostatic proteinuria [1] [2] [3] . First, since in healthy individuals, proteinuria increases upon standing (although protein excretion remains normal), in some cases, orthostatic proteinuria might reflect an excessive physiologic response. Second, because there are sometimes subtle glomerular lesions in kidney biopsy specimens from individuals with orthostatic proteinuria, these lesions, in combination with a haemodynamic abnormality, might lead to orthostatic proteinuria. Third, orthostatic proteinuria might result from higher than normal release of norepinephrine and angiotensin II upon standing [1] [2] [3] .
Nathan, 50 years ago [4] , and especially Shintaku et al., 20 years ago [5] , first associated orthostatic proteinuria with a compression of the left renal vein in the fork between the superior mesenteric artery and the aorta. In this review, we address the literature published since 1991 with potential relevance in the role of left renal vein entrapment in the pathogenesis of isolated orthostatic proteinuria. We also address the literature that associates increased amounts of protein in the urine with uncommon causes of renal vein obstruction.
Orthostatic proteinuria associated with meso-aortic left renal vein entrapment
Five reports [6] [7] [8] [9] [10] specifically addressed the frequency of left renal vein obstruction ( Figure 1 ) in a total of 229 subjects (Asian, n = 205; European, n = 24) with orthostatic proteinuria. Their ages ranged between 5.2 and 17 years (mean age: 12 years) with a female-to-male ratio of 0.96:1.00. Renal ultrasonic imaging and Doppler flow scanning demonstrated a compression of a pre-aortic left renal vein in the fork between the abdominal aorta and the proximal superior mesenteric artery, close to its origin, in 156 (68%) subjects (female-to-male ratio of 1.26:1.00) aged between 6.0 and 17 years (mean age: 13 years). In these reports, the diagnosis of left renal vein entrapment was made by ultrasound when the anteroposterior diameter at the hilar portion divided by that at the aorto-mesenteric portion (= diameter ratio) was >4.00 [10] , >4.16 [6] , >4.20 [8] , or >5.00 [7] . The diagnosis was also made by Doppler examination, when the peak flow velocity at the aorto-mesenteric portion divided by that at the hilar portion (= flow velocity ratio) was >3.98 [6] , >4.00 [8, 10] or >5.00 [7] .
In nine further anecdotal reports, renal ultrasonic imaging and Doppler flow scanning of the left renal vein demonstrated a normal anatomy and compression of the left renal vein in the fork between the abdominal aorta and the proximal superior mesenteric artery close to its origin in 53 further subjects (Asian, n = 22; European, n = 32) with orthostatic proteinuria [11] [12] [13] [14] [15] [16] [17] [18] [19] . Their ages ranged between 5.2 and 21 years (median: 13 years) with a female-to-male ratio of 1.33:1.00.
In a large subset of the cases of orthostatic proteinuria, the diagnosis of renal vein entrapment was made by Doppler ultrasound and confirmed by multi-detector computed tomography (n = 29), magnetic resonance angiography (n = 6) or phlebography (n = 8).
Interestingly, the left kidney was documented as the source of proteinuria by ureteral catheterization in two Korean girls with orthostatic proteinuria and left renal vein entrapment [16] . A kidney biopsy, performed in three subjects with orthostatic proteinuria and left renal vein entrapment, failed to show significant abnormalities [15, 17, 19] .
Orthostatic proteinuria remitted in an 18-year-old man and in a 14-year-old girl with meso-aortic left renal vein entrapment following percutaneous stent implantation [12] and surgical downward transposition of the renal vein respectively. Furthermore, in a Korean adolescent with meso-aortic left renal vein nutcracker phenomenon, orthostatic proteinuria disappeared on drug management with a converting enzyme inhibitor [15] . Very recently, 13 Italian subjects (nine female and four male subjects) with orthostatic proteinuria associated with the characteristic renal ultrasonic imaging (diameter ratio > 4.00) and Doppler flow scanning (flow velocity ratio > 4.00) features of meso-aortic left renal vein entrapment were reassessed 6 or more years after the initial diagnosis: in nine subjects both orthostatic proteinuria and left renal vein entrapment had disappeared, in three both orthostatic proteinuria and left renal vein entrapment had persisted, and in one orthostatic proteinuria had persisted unassociated with left renal vein entrapment [17] . 
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Taken together, the literature reveals left renal vein entrapment in approximately two-thirds of the subjects with orthostatic proteinuria, demonstrates that, in subjects with orthostatic proteinuria and left renal vein entrapment, the left kidney is the source of proteinuria and indicates that orthostatic proteinuria tends to persist in subjects with persisting and to remit in those with remitting left renal vein entrapment. In conclusion available literature provides substantial support for entrapment of the left renal vein as the most common cause of orthostatic proteinuria (Table 2) .
Proteinuria associated with other causes of renal vein entrapment
Orthostatic proteinuria was demonstrated in an 11-year-old Turkish boy with retro-aortic left renal vein entrapment [20] . In a group of 22 Turkish subjects aged between 24 and 78 years with retro-aortic left renal vein (Figure 1) , the left renal vein diameters were narrower than in subjects with pre-aortic left renal vein: in two (9%) of these subjects, urinalysis revealed the presence of mild isolated proteinuria [21] . Unfortunately, the clinical significance of proteinuria was not further evaluated, and no split urine collection to establish the possible diagnosis of orthostatic proteinuria was performed.
In a 14-year-old female presenting with elevated nighttime urinary protein excretion without additional clinical symptoms, imaging studies revealed a large splenic cyst and secondary compression of the pre-aortic left renal vein. Removal of the cyst resulted in resolution of proteinuria [22] .
In a 40-year-old female transplant donor with orthostatic proteinuria and a kink in the left renal vein, proteinuria resolved following left nephrectomy for transplantation [23] .
Taken together, these observations indicate that, in very rare instances, increased amounts of protein in the urine are also associated with uncommon causes of renal vein obstruction.
Proteinuria and left renal vein entrapment in familial Mediterranean fever
Doppler ultrasonography and computed tomography revealed entrapment of the left renal vein also noted in an 11-year-old girl with persistent, non-orthostatic proteinuria, familial Mediterranean fever and a kidney biopsy without amyloid deposition [24] .
Conclusions
Recent reports dealing with the management of proteinuria only marginally refer to renal vein obstruction as a cause of isolated orthostatic proteinuria. Our review indicates that entrapment of the left renal vein is the most important cause of orthostatic proteinuria. The major limitations of the assumption relate to the small number of cases in the literature, to the rather poor comparability and reproducibility of Doppler ultrasound imaging [25, 26] and to the fact that most reports did not focus on the differences between subjects with and without renal vein entrapment with regard to body fat, blood pressure, renal function and protein excretion.
Orthostatic proteinuria (Table 1) is suspected in asymptomatic individuals, usually tall, thin and with an increased forward curve of the lower back presenting with isolated, mostly mild to moderate proteinuria that is discovered during routine examination [1] [2] [3] . A normal physical examination and an accurately collected first morning urine sample with normal proteinuria establish the diagnosis [1] . A Korean group recently recommended diagnostic imaging using multi-detector computed tomography in orthostatic proteinuria [7] . Considering that the cancer risk attributable to radiation from an abdominal computed tomography is non-negligible, especially in childhood, we strongly advise against the use of computed tomography in this non-pathological condition [27] . At our institutions, we advise either no imaging studies or renal ultrasonic imaging with Doppler flow scanning in asymptomatic individuals with isolated postural proteinuria.
In anecdotal reports, orthostatic proteinuria remitted following repair of renal vein entrapment or on drug management with a converting enzyme inhibitor. However, considering the almost always benign prognosis and the mostly self-remittent course, we do not advise any treatment in this condition [28] .
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